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This invention relates to automatic frequency control 
circuits and in particular those type circuits in which an 
oscillator is controlled in frequency by a reactance tube. 

In color subcarrier-type television systems it is neces 
sary to precisely control the frequency of a local oscilla 
torto effect proper color operation. When the subcarrier 
is phase modulated any oscillator frequency shift will re 
sult in distortion of the television picture color signal 
components. Accordingly a burst of synchronizing signal 
is transmitted at the subcarrier frequency to provide auto 
matic frequency control at the color receiver. 

by means of a variable reactance circuit connected for con 
trolling the local oscillator frequency and operable in 
accordance with phase differences between the local oscil 
lator and the incoming burst. 

Because of the precise phase control which must be 
effected in color subcarrier television systems having a 
phase modulated subcarrier it has been necessary to pro 
vide stabilized power supply systems. This was necessary 
because known variable reactance control circuits have 
lacked frequency stability when presented with changes in 
operating supply potentials. It may be readily seen that 
if a pentode reactance tube is utilized a change in the 
screen grid and anode potential with a change in supply. 
potential would change the tube transconductance. The 
effective control of the reactance tube on the oscillator 
would then be changed in such a manner that the local 

In the past the changes in the reactance tube circuit 
have been reduced by the provision of improved reactance 
control apparatus. -- 
frequency stability in the oscillator circuit with changes in 
power supply potential so that even the improved prior 
art reactance tube.circuits cannot afford the desired fre 
quency stability with respect. to potential changes. 

In accordance with the present invention therefore an 
oscillation control circuit is provided having stable fre 
quency versus supply potential characteristics. Circuit 
efficiency is therefore improved since complicated voltage 
control circuits are not necessary and because the inven 
tion makes possible frequency stability without provision 
of excess component parts. In particular increased effi 
ciency is obtained in accordance with the invention since 
degenerative control is precluded, and therefore greater 
gain may be realized from the local oscillator. . . . . 

Therefore in accordance with the invention there is pro 
vided an oscillator circuit having a supply potential versus 
reactance shift of one sense and a reactance circuit is coul 
pled to the oscillator circuit for controlling the frequency 
thereof, which has a potential versus reactance shift of 
an opposite sense. Thus when a common Supply poten 
tial is connected to both the oscillator and reactance cir 
cuits frequency shifts may be cancelled and the resulting 
oscillator frequency may be stabilized with respect to Sup 
ply potential changes. - 

It is therefore an object of the present invention to pro 
vide improved oscillation control circuits. 

There is, however, also a change of 
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2 
It is another object of the invention to provide auto 

matic frequency control circuits which are stabilized with 
respect to supply potential changes. 
A further object of the invention is to improve the effi 

ciency of oscillation control circuits while likewise im 
proving the frequency stability thereof. 

Further objects and advantages of the invention will be 
come apparent when considering the following detailed 
description of the invention particularly when followed in 
conjunction with the accompanying drawing, in which: 

Figure 1 is a block diagram of a portion of a color 
subcarrier television circuit embodying the invention; 

Figure 2 is a combined schematic and block diagram 
of a circuit including one embodiment of the present in 
wention; - - 

Figure 3 is a graph illustrating the frequency stability 
characteristics of the invention; and 

Figure 4 indicates schematically certain modifications 
which might be made to reactance circuits used in ac 
cordance with the invention. 

In the block diagram of Figure 1 the organization of 
the invention is made apparent when associated with a 
color Subcarrier television system having an input signal 
wave iO with a burst.of subcarrier energy 11 for effecting 
automatic frequency control. The incoming signal is ap 
plied at an input terminal 12 and the burst gater circuit 
13 separates the burst 11 from the remainder of the wave 
form 10. The separated burst may then be compared 
with the frequency of the local oscillator 14 at the phase 
comparator circuit 15. Detected phase differences are 
then filtered in the circuit 16 and applied to a reactance 
control circuit 17 which is connected to alter the oscil 
lator frequency in the proper direction and magnitude 
for maintaining its frequency the same as the incoming 
burst frequency. A supply potential terminal 18 provides 
B-- for both the oscillator and reactance circuits 14 and 
Those features peculiar to the invention are more clear 

ly emphasized in the schematic circuit of Figure 2, wherein 
those circuits known in the art, whose circuit details form 
no part of the present invention are shown in block dia 
gram. A video amplifier 20- provides at the video input 
terminal 2 a combined video signal of which the color 
burst it is gated by the synchronization pulse component 
afforded at the sync input lead 21 and amplified and de 
layed by the succeeding stages 22 and 23 to afford at 
the output lead 24 of the gating tube 25 a signal for 
removing the burst 11 from the incoming video waveform. 
The burst is detected at the stage 26 for insertion in 
the phase detector circuit 27. Comparison of the incom 
ing burst phase with the local oscillator phase, which is 
sampled by the lead 30, is accomplished by the phase 
detector 27. Thus, there is provided an output signal at 
lead 31 which is proportional to phase differences and is 
therefore suitable for causing a change of reactance in 
the reactance tube-circuit 32. 
The reactance, circuit itself, is well known. A variable 

reactive potential, inductive in the present circuit, is 
developed between the anode and cathode output path 
of the tube is quadrature with the cathode to control grid 
input potential. The control voltage from lead 31. Super 
imposed at the control grid effects a change of tube trans 
conductance hence varying the reactance at the anode, 
and thereby controls the local oscillator frequency. 
To prevent undue change of reactance tube character 

istic with changes in supply potential of the voltage at 
terminal 33, which would change the operating character 
istics of the tube by changing the screen grid and anode 
potential, degeneration may be afforded at the expense 
of circuit-efficiency. Thus, resistor 34 may be, connected 
between the screen grid 35 and the cathode 36 of the 
reactance tube 37 when tube gain can be sacrificed. This 
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resistor affords a change of cathode potential with any 
change in supply potential which will have an opposite 
effect on the transconductance of the tube as compared 
with the corresponding simultaneous change of screen grid 
potential. Over or under compensation may be effected 
by this means depending upon the values of the coupling 
network components. As hereinbefore mentioned this 
means alone is not effective in providing the necessary 
degree of frequency stability of the entire oscillation con 
trol circuit, although it may be used to correct the major 
instability which lies in the reactance tube portion of the 
control circuit. In the present invention the degenerative 
screen grid resistor 34 may be used should the change in 
reactance tube transconductance with a change in Supply 
potential be of the wrong polarity or of the wrong mag 
nitude to be adequately corrected by designing the oscil 
lator circuit in the manner hereinafter discussed. 
The oscillator circuit 40 comprises a triode amplifier 

tube 41 connected as a Colpitts oscillator. As is well 
known the Colpitts oscillator includes a tuned circuit con 
nected or coupled with both the input and output electrodes 
of an amplifier so as to sustain oscillation. In Figure 2, 
the cathode of tube 41 may be considered as the output 
electrode of the amplifier while the control electrode of 
the tube 41 may be considered as the input electrode. 
Such an oscillator will in general have a tendency to 
change frequency with a change in supply potential in 
much the same manner as the reactance tube. It has been 
found in accordance with the present invention, however, 
that if the oscillator grid leak resistor 42, which is conven 
tionally grounded at one end, is rather returned to the 
supply potential terminal 33, the oscillator frequency shift 
may be controlled. The amount and sense of the fre 
quency change with supply potential variation is dependent 
upon the value of the grid leak resistor, as indicated from 
the following table which resulted when a 604 oscillator 
tube was connected to oscillate at a frequency of 3.58 
1megacycles and the supply potential for the oscillator and 
reactance tube combined circuit was changed from 218 
volts to 120 volts. 
R42 Resistance: - AF, cycles 

Infinity ------------------------------ -7,900 
1.5 megohms----------------------- -2,400 
1.0 megohms----------------------- -2,050 

680,000 ohms------------------------- -1,500 
560,000 ohms------------------------- -1,000 
390,000 chms------------------------- -200 
330,000 ohms------------------------- --100 

With the control electrode 50 of the oscillator tube 41 
being returned to the common potential supply therefor, 
it is seen that a grid leak resistor may be selected which 
will provide in combination with the reactance tube a cir 
cuit which is stabilized in frequency variation with respect 
to Supply potential variations. If the reactance circuit is 
stable with changes in potential the oscillator circuit itself 
may be stabilized in frequency by connecting the grid leak 
resistor of a proper value to the anode supply potential 
of the oscillator tube. The present invention therefore 
affords a combination of circuit elements whereby an 
oscillator may be stabilized in frequency with respect to 
changes in supply potential by coupling the oscillator cir 
cuit with a further circuit and affording shifts in reactance 
in the tube circuits of opposite sense with respect to varia 
tions of supply potential. 

It is noted that preferably a negative frequency shift is 
employed since the input impedance may in that manner 
be kept higher. Should the reactance tube circuit there 
fore not have the proper sense or magnitude of change, 
the Screen grid degeneration means may be adjusted to 
provide the desired amount of over or under compensation. 

Figure 3 indicates the nature of reactance changes in 
both the oscillator and reactance control circuits. The 
frequency change of the reactance control circuit with 
changes in plate and screen grid potential is indicated by 
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the curve 60. Changes in the oscillator frequency are 
likewise indicated by curve 61. Since the changes made 
by the foregoing methods may be made in the magnitudes 
desired, it is seen therefore that one set of parameters will 
le found for each circuit which causes a stable frequency 
characteristic illustrated by the curve 62 when a common 
supply potential is connected to the anode and control grid 
of the oscillator tube and the anode and screen grid ter 
minals of the reactance tube. Therefore in accordance 
with the invention improved oscillation control may be 
afforded and the cost of effective color subcarrier tele 
vision systems may be reduced because stabilized power 
supply sources need not therefore be provided. 

Figure 4 illustrates other-reactance circuits which may 
be utilized in accordance with the present invention to 
effect the desired control characteristics. Thus, reactive 
control of either polarity may be chosen by provision of 
the respective input circuits 4a to 4d for the reactance 
tube. The reactance control circuit or another circuit of 
similar characteristics and a suitable oscillator circuit 
coupled thereto therefore may be adjusted respectively to 
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have compensating frequency shifts and thereby effect 
stabilized frequency shift versus supply potenital variation 
characteristics in accordance with the present invention. 
What is claimed is: 1. An electronic system comprising in combination: 

an oscillator circuit; means included in said oscillator 
circuit for producing in said oscillator circuit a Supply 
potential versus frequency shift characteristic of one sense; 
a reactance circuit coupled to said oscillator circuit for 
controlling the frequency of the oscillator; means in 
cluded in said reactance circuit for producing therein a 
potential versus reactance shift of a sense which in 
fluences the frequency of said oscillator in an opposite 
sense to that of said first named means; and a common 
potential supply for both said oscillator circuit and said 
reactance circuit whereby the oscillation frequency is 
stabilized with respect to common potential supply 
changes. 

2. A system as defined in claim 1 wherein the re 
actance circuit includes a pentode having a screen grid 
to cathode resistor and connected as a variable inductance 
circuit, and the oscillator circuit includes a triode hav 
ing the control electrode returned through an impedance 
to the common potential supply. 

3. A stabilized oscillator circuit for use in color sub 
carrier television systems comprising in combination: an 
oscillator control reactance pentode; a resistive network 
connected between the control grid and anode of said 
pentode; a capacitive network connected between the 
control grid and cathode of said pentode; a resistor con 
nected between the screen grid and cathode of said pen 
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tode; a triode connected oscillator circuit coupled to said 
reactance tube; a source of potential for said circuits com 
monly connected to the anode and control grid of said 
triode and the anode and screen grid of said pentode; and 
impedance means connected between said triode anode 
and control electrode such to provide a degree of al 
ternating current isolation between said anode and con 
trol electrode of said triode. 4. In a stabilized oscillator system the combination of: 
an oscillator circuit; a source of operating power poten 
tial connected in energizing relation to said oscillator cir 
cuit, said power potential source being subject to vari 
ations in the value of potential delivered thereby; means 
included in said oscillator causing said oscillator to in 
crease its operating frequency a given amount in re 
sponse to a given decrease in operating power poten 
tial; a variable reactance circuit connected in frequency 
stabilizing relationship to said oscillator circuit; a power 
supply connection from said reactance circuit to said 
source of operating power potential; and means included 
in said reactance circuit for decreasing the frequency of 
said oscillator an amount comparable to said given in 
crease in operating frequency in response to said given 
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decrease in operating power potential whereby the fre 
quency of said oscillator tends to be frequency stabilized 
against given variations in operating power potential. 

5. A circuit as defined in claim 4 wherein said oscilla 
tor circuit includes a triode amplifier having electrodes 
corresponding to an anode and control electrode, and said 
decreasing frequency characteristic is provided by con 
necting both the control electrode and anode of said tri 
ode to a common supply potential terminal, said circuit 
also including an impedance means connected in series 
relation with said common supply potential terminal and 
one of said triode electrodes. 

6. A circuit as defined in claim 5 having a pentode re 
actance tube with a screen to cathode resistive connec 
tion. 

7. In a stabilized oscillator system the combination of: 
an oscillator circuit; a source of operating power poten 
tial connected in energizing relation to said oscillator cir 
cuit, said power potential source being subject to vari 
ations in the value of potential delivered thereby; means 
included in said oscillator causing said oscillator to in 
crease its operating frequency a given amount in re 
sponse to a given change in operating power potential; 
a variable reactance circuit connected in frequency stabi 
lizing relationship to said oscillator circuit; a power supply 
connection from said reactance circuit to said source of 
operating power potential; and means included in said 
reactance circuit for decreasing the frequency of said 
oscillator an amount comparable to said given increase 
in operating frequency in response to said given change in 
operating power potential whereby the frequency of said 
oscillator tends to be frequency stabilized against given 
variations in operating power potential. 

8. An oscillation control system comprising: a Colpitts 
oscillator circuit including a triode amplifier tube hav 
ing at least two operating electrodes designated respec 
tively as an anode and control electrode; a reactance 
control tube connected to control said oscillator circuit; 
potential supply connections common to the control tube 
and the anode and control electrode of said triode; and 
impedance means connected between one of said triode 
operating electrodes and said potential supply connec 
tions such to electrically isolate to a degree said triode 
operating electrodes whereby to permit triode type am plifier operation. 
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9. In an oscillator circuit the combination of: an am 

plifier tube having an output electrode, a cathode and a 
control electrode; tuned circuit means so connected with 
said output electrode and said control electrode that the 
operating frequency characteristic of said oscillator is 
rendered a function of the operating potential applied 
between said output electrode and said cathode; power 
Supply means having one terminal thereon connected to 
said output electrode and another terminal thereon to said 
cathode to supply an operating potential to said output 
electrode with a positive potential relationship to said 
cathode; resistance means connected from said control 
electrode to said power supply means output electrode 
extremity, the value of said resistance means being so 
chosen as to provide a frequency change versus power 
Supply potential change characteristic in said oscillator 
which is inverse and substantially complementary to the 
frequency change versus output electrode potential change 
characteristic. 

10. A Colpitts oscillator circuit including: an amplifier 
tube having an anode, cathode and grid, said oscillator 
circuit further including a reasonant input circuit de 
fined between said control electrode and said cathode, a 
resonant output circuit defined between said anode and 
cathode, and a positive feedback impedance connected in 
common with said input and output circuits to produce 
Sustained oscillation by said oscillator; an anode voltage 
supply means having a positive terminal connected with 
said anode and a relatively negative terminal connected 
with said cathode; a grid leak resistor connected between 
said grid and said voltage supply means at a terminal 
therein which is positive with respect to said cathode, the 
value of said grid leak resistor and the value of the po 
tential at the voltage supply terminal to which said grid 
leak resistor is connected being such that the frequency 
of said oscillator is caused to decrease in response to an 
increase in the voltage delivered by said voltage supply 
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